Key Points {#FPar1}
==========

Interleukin-1 (IL-1) plays a key role in the pathogenesis of Kawasaki disease (KD), especially in the development of coronary artery aneurysms.Based on current evidence, derived from case reports and one open-label, phase II study, the IL-1 inhibitor anakinra is a fast-acting, effective, and reasonably safe drug.Anakinra may be considered as an option to treat KD resistant to a first intravenous immunoglobulin (IVIG) dose, especially in the presence of severe coronary involvement.

Introduction {#Sec1}
============

Kawasaki disease (KD) is an acute medium vessel vasculitis of childhood, typically involving coronary arteries, and represents in this age group the first cause of acquired heart disease in developed countries. Classically, KD is diagnosed in the presence of a high fever lasting for at least 5 days associated with at least four of the five principal features: changes in the peripheral extremities, cervical lymphadenopathy, bilateral non-exudative conjunctivitis, changes in the oral cavity, and polymorphous exanthema \[[@CR1]\]. In the presence of fever and four or more principal clinical features, the diagnosis of complete KD can be made; experienced clinicians who have treated many patients with KD may also establish the diagnosis without waiting for the full clinical picture and even with \< 4 days of fever \[[@CR1]\]. The diagnosis is clinical, and there are no confirmatory laboratory or imaging investigations. If coronary artery abnormalities are detected, the diagnosis of KD is considered confirmed also in those cases that lack the full clinical features of classic KD and that would otherwise be considered as incomplete KD cases \[[@CR1]\]. Intravenous immunoglobulin (IVIG) in association with aspirin represents the main treatment for KD, and administration of these treatments within the first 10 days following fever onset has been associated with a fivefold reduction in the risk of coronary artery aneurysms (CAA) \[[@CR1]\]. However, 10--20% of patients do not respond to standard treatment and have an increased risk of cardiac complications and death \[[@CR2]\].

The current evidence to guide treatment of resistant KD is of moderate to low quality \[[@CR2]\], which is unfortunate given the potential severity of adverse outcomes of both KD itself and the treatments, and the cost of some proposed agents. The latest guidelines of the American Heart Association \[[@CR1]\] suggest that reasonable therapy for resistant KD includes a second dose of IVIG or a short course of high-dose steroids or infliximab. The guidelines also mention the anti--interleukin-1 (anti-IL-1) anakinra among the different drugs that can be used in refractory forms, but leave the choice of the drug to individual physicians. Interleukin-1 (IL-1) has been shown to play a key role in the development of CAA, leading to a potential use of IL-1 blockade in patients with KD \[[@CR3]\]. Our aim was to review the literature in order to report the scientific evidence coming from both experimental and clinical studies that support the use of anakinra in refractory KD.

A careful search using PubMed and the Cochrane Library for human studies published in English up to the present time and the platform ClinicalTrials.gov for ongoing trials was conducted. The key words used in the search were "Kawasaki" and "anakinra" (Kawasaki \[All Fields\] AND "interleukin 1 receptor antagonist protein"\[MeSH Terms\] OR "interleukin 1 receptor antagonist protein"\[All Fields\] OR "anakinra"\[All Fields\]).

Anti-IL-1 Drugs {#Sec2}
===============

In the last few decades, biological disease-modifying antirheumatic drugs have been developed to interfere with IL-1 signaling. The activation of IL-1 signaling requires the combination of IL-1 with type I IL-1 receptor and IL-1 receptor accessory protein, which ultimately activates the transcription factor nuclear factor kappa light-chain enhancer of activated B cells (NF-κB) \[[@CR4]\]. The three drugs currently available either block the IL-1 binding to the IL-1 receptor (anakinra) or bind directly to IL-1 (rilonacept and canakinumab).

Anakinra is an IL-1 receptor antagonist, and was approved by the US Food and Drug Administration (FDA) for the treatment of rheumatoid arthritis in 2001 and cryopyrin-associated periodic syndrome in 2013 \[[@CR5]\]. It is a non-glycosylated homolog of human IL-1 receptor antagonist (IL-1Ra), manufactured from cultures of genetically modified *Escherichia coli* using recombinant DNA technology, and differs from the native human IL-1RA in an extra methionine residue on its amino terminus \[[@CR5]\]. Anakinra, unlike canakinumab and rilonacept, acts as a competitive inhibitor of both IL-1α and IL-1β, blocking signal transduction by IL-1 type I receptor; of note, it has been demonstrated that IL-1α also has a major role in coronary lesions \[[@CR6]\].

A big advantage of this drug over the other anti-IL-1 agents is the rapid onset of action and the short half-life of 4--6 h; these aspects confer the advantages of being able to quickly test the response and limit the effects in the case of a serious adverse event \[[@CR7]\]. This makes the drug an extremely manageable treatment in clinical practice. On the contrary, for long-term illnesses, the daily subcutaneous injections represent a major disadvantage.

Anakinra is now used in numerous diseases such as hereditary autoinflammatory syndromes, and was recently approved for systemic onset juvenile idiopathic arthritis and Still's disease. In children weighing less than 50 kg, the starting dosage is 1--2 mg/kg/day; patients weighing 50 kg or more are dosed with 100 mg/day. In children with inadequate response, the dosage can be escalated up to 4 mg/kg/day.

Rilonacept is a fully human dimeric fusion protein consisting of both IL-1 receptor components required for IL-1 signaling (IL-1 type I receptor and IL-1 receptor accessory protein) combined with the Fc portion of human immunoglobulin G1. It acts by blocking both IL-1α and IL-1β. The drug was first approved by the US FDA in 2008 for the treatment of cryopyrin-associated periodic syndrome. It has a half-life of 8 days, and is administered by subcutaneous weekly injections (160 mg/week) \[[@CR8]\].

Canakinumab is a recombinant, human monoclonal, highly selective anti-IL-1β antibody, able to prevent the binding of endogenous IL-1β to its cognate receptor. The drug was first approved by the US FDA in June 2009 for the treatment of familial cold autoinflammatory and Muckle-Wells syndromes. Serum clearance of canakinumab is slow after subcutaneous injection, with a long half-life of 21--30 days. It therefore offers the advantage of monthly injections \[[@CR9]\].

Experimental Data {#Sec3}
=================

The first studies demonstrating high levels of IL-1 in patients with KD during the acute phase date back to more than 30 years ago \[[@CR10]\].

A more recent study confirms this finding, showing significantly increased plasma levels of IL-1β, IL-18, and their antagonists (IL-1RA and IL-18BP) in acute KD patients compared with age-matched control patients with viral or bacterial infections \[[@CR11]\].

In the last decade, several studies demonstrated the key role of IL-1 in the pathogenesis of KD.

Weng et al. enrolled 156 children with KD (136 responders and 20 non-responders to IVIG) and showed that polymorphisms in the genes coding for IL-1 (-31 CC and -511 TT) were associated with a greater risk of resistance to IVIG treatment \[[@CR12]\].

Similar results were obtained by another group, who evaluated IL-1--related gene transcripts in patients with IVIG-resistant KD. Again, considering 20 KD patients (12 responders and eight resistant) and nine controls, the authors confirmed a significant abundance of transcripts in IVIG-resistant patients, demonstrating an increased expression of the coding genes for proteins implicated in the IL-1 pathway. The authors therefore highlighted the role of IL-1 as a mediator of inflammation in KD and suggested the possibility of using IL-1 or its receptor as a target of therapy \[[@CR13]\].

The same conclusions came from a study comparing the gene expression of 146 patients with KD in the acute and subacute phase with that of subjects suffering from other acute infectious diseases and healthy controls \[[@CR14]\].

The efficacy of anti-IL-1 treatment was studied by Lee et al. in a mouse model of coronary arteritis developed using intraperitoneal injection of *Lactobacillus casei* cell-wall extract (LCCWE). The mice developed a focal, localized coronary arteritis that histopathologically mimics the coronary artery lesions found in human KD \[[@CR15]\]. In a first experiment, mice lacking caspase-1 (Caspase-1 −/−), an enzyme of the inflammasome that activates IL-1, were unable to trigger the inflammatory response to LCCWE and did not develop coronary arteritis; similar results were obtained in mice without the IL-1 receptor (IL-1R −/−). In a second experiment, mice treated with anakinra daily, from the day before exposure to LCCWE until day 5, and then sacrificed on day 7 for anatomical search of coronary damage, showed a significantly lower incidence of vasculitis than controls. The same experiment was also conducted with a tumor necrosis factor inhibitor, infliximab. Also in this case, there was a reduced incidence of coronary lesions compared to controls, but not of myocarditis. In addition, treatment with anakinra showed greater efficacy than infliximab (protection in 8/9 vs. 5/9) \[[@CR16]\].

In mice models of severe forms of KD, the same group evaluated IL-1 blockade in preventing and reducing systemic vascular inflammation, in particular, of the abdominal vessels (renal arteries and aorta) \[[@CR17]\].

A recent study by the same authors showed how blocking IL-1 also prevents the long-term consequences of KD. In particular, in order to verify the development of ventricular dysfunction and to study the volume of the left ventricle, the authors performed serial echocardiograms on LCCWE-exposed mice, up to 43 days after the injection of LCCWE. Three weeks following the injection, mice exposed to the lysate began to show a reduced ejection fraction compared to controls. In those who had been pre-treated with anakinra, however, these changes did not occur. The authors concluded on the effectiveness of anakinra in preventing not only acute damage, but also long-term sequelae, and proposed a wider use of the drug, not only for difficult cases \[[@CR18]\].

Moreover, it was recently shown that IL-1 signaling in intestinal epithelial cells increased intestinal permeability, as deleting IL-1R specifically in those cells not only prevented increased permeability, but also reduced heart inflammation and aortic aneurysm development in LCCWE-injected KD mice \[[@CR19]\].

Clinical Data {#Sec4}
=============

Case Reports {#Sec5}
------------

Several case reports of KD patients treated with anakinra have been published (nine single cases, a series of two, and a series of 11); their ma**i**n characteristics are summarized in Table [1](#Tab1){ref-type="table"}.Table 1Main details of case reports reporting the use of anakinra in treatment-resistant Kawasaki diseaseReferenceNumber of patients treated with anakinraPrevious treatmentType of KDReason for using anakinraDoses and duration of anakinra treatment\[[@CR20]\]12 IVIG, 3 steroid bolusesCompleteKD shock syndrome1 mg/kg/day for 11 days and then for 6 weeks\[[@CR21]\]11 IVIG, 1 steroid bolusCompleteMacrophage activation syndrome3 mg/kg/day for 3 days then 8 mg/kg/day in 2 doses for 5 months\[[@CR22]\]12 IVIG, 4 steroid bolusesCompletePersistent fever and laboratory abnormalities2 mg/kg/day for 2 weeks\[[@CR23]\]12 IVIG, 3 steroid bolusesCompleteWorsening of coronary aneurysms6 mg/kg/day for 10 weeks, Tapered to 6 mg/kg/2 days for 4 weeks, tapered to 6 mg/kg/3 days for 4 weeks\[[@CR24]\]11 IVIGCompleteCoronary aneurysms and increased proBNP levels100 mg/day for 4 weeks\[[@CR25]\]11Al least two9 complete2 incompletePersistent fever (8/11), dilatation of coronary arteries (7/11), poor clinical conditions (2/11), laboratory abnormalities (6/11), myocarditis with KD shock syndrome (1/11)Range 2--8 mg/kg/day for 6--81 days\[[@CR26]\]1Several, not specifiedNAGiant aneurysmNA\[[@CR27]\]2Several, not specifiedNAKD shock syndromeNA\[[@CR28]\]12 IVIG, 1 infliximab, 3 steroid bolusesIncompleteMacrophage activation syndrome5 mg/kg/day for 1 day and then 10 mg/kg/day tapering in 6 months\[[@CR29]\]11 IVIGIncompleteCoronary aneurysms4 mg/kg/day for 2 months\[[@CR30]\]12 IVIG, 3 steroid boluses, 1 infliximabCompleteGiant aneurysms6 mg/kg/die for 9 weeks*KD* Kawasaki disease, *IVIG* intravenous immunoglobulin, *proBNP* pro B-type natriuretic peptide *NA* Not available

The first report on the use of anti-IL-1 in KD dates back to 2012 \[[@CR20]\] and described a 2-year-old boy with classic KD who developed myocarditis with reduction of the ejection fraction to 20%, without coronary artery inflammation, 2 days after the first dose of IVIG. Despite a second dose of IVIG and three boluses of methylprednisolone, echocardiography showed a dilatation of the left descending coronary and right coronary arteries. On the 14th day, the patient was intubated and supported with extracorporeal membrane oxygenation (ECMO) for respiratory distress and cardiogenic shock. On the 18th day, anakinra 1 mg/kg was started, with prompt resolution of the fever and a significant clinical improvement. Three days after the withdrawal of anakinra (on the 29th day), fever reappeared, IVIG therapy was re-administered, and methylprednisolone was resumed. On the 53rd day, echocardiography showed a giant aneurysm of one coronary artery. Anakinra was re-administered for 6 weeks, in combination with aspirin and anticoagulants to prevent thrombosis. After 6 months from disease onset, echocardiography showed a complete normalization of the cardiovascular findings. In this case, the close correlation between the rapid relapse of the disease with the drug withdrawal and the immediate clinical recovery on its reintroduction support the effectiveness of the anti-IL-1.

Shafferman et al. \[[@CR21]\] in 2014 reported on an 11-week-old infant with classic KD who developed respiratory failure. The patient was intubated, and a lumbar puncture was performed, showing a sterile pleiocytosis. Laboratory data revealed anemia, thrombocytopenia, and elevated inflammatory markers. Echocardiography showed a slight dilatation of the coronary arteries, and abdominal ultrasound showed hydrops of the gallbladder. Therapy with IVIG and aspirin was started, but with a sudden increase in ferritin and a further decrease in platelet count, with suspicion of macrophage activation syndrome (MAS), methylprednisolone intravenous (IV) therapy was started. Despite treatment, coronary dilatation increased. Anakinra 3 mg/kg was administered twice a day for 3 days, with immediate improvement of respiratory function and subsequent disappearance of the rash; clinical conditions and inflammation markers improved. However, a third echocardiograph showed diffuse dilatation of all coronaries, with the following *Z* scores: left anterior descending (LAD) = 11, right coronary artery (RCA) = 6.5, and left main coronary artery (LM) = 5.6. So, the patient also received infliximab 5 mg/kg and IV steroids, with clinical improvement. The patient received anakinra for 5 months at a dosage of 8 mg/kg/day split in two doses. Echocardiography 8 months later showed an almost complete normalization of previous abnormalities (*Z* scores: LAD = 0.84, RCA = 2.8, and LM = 1.6).

The third case \[[@CR22]\] described a 3-year-old girl with typical KD treated with IVIG 2 g/kg and aspirin 100 mg/kg. Anakinra 2 mg/kg/day was started on the 14th day from onset for persistent fever and increase of inflammatory markers despite two other doses of IVIG and two steroid boluses, with clinical and laboratory response within 24 h. Echocardiography was normal. Anakinra was administered for 2 weeks. After withdrawal, no relapses were observed and echocardiography remained normal.

In 2018, Guillaume et al. \[[@CR23]\] reported on an 18-month-old boy with typical KD who received a first dose of IVIG on the sixth day of fever. On the seventh day, echocardiography revealed diffuse and fusiform aneurysms of all coronary arteries \[*Z* scores: RCA = 6.89, left coronary artery (LCA) = 6.06, LAD = 8.12, and left circumflex (LCX) = 2.12\]. Fever subsided, but relapsed on the ninth day; therefore, IVIG was re-administered, along with three boluses of IV methylprednisolone. Despite therapy, on the 25th day, the aneurysms worsened (*Z* scores: RCA = 9.10, LCA = 7.47, LAD = 9.94, and LCX = 2.97). Anakinra 6 mg/kg/day was started for 10 weeks then tapered to 6 mg/kg every 2 days for 4 weeks and finally 6 mg/kg every 3 days for another 4 weeks up to withdrawal. Apyrexia was obtained in 24 h from anakinra injection, and C-reactive protein (CRP) normalized in 7 days; progressive reduction of aneurysm size allowed anticoagulation to be stopped after 4 months. Seven months from the onset of the disease, angio-CT showed a marked reduction in aneurysms (*Z* scores: RCA = 2.06, LCA = 2.79, LAD = 4.34, and LCX = 1.47).

Also in 2018, the effectiveness of anakinra was reported in a 16-year-old Caucasian boy with complete KD \[[@CR24]\]. Echocardiography on the 12th day of fever revealed a slight dilatation of all coronary arteries; N-terminal pro B-type natriuretic peptide (NT-proBNP) blood levels were increased 2.5-fold. The boy underwent a first IVIG infusion, without benefit; so, on the 15th day, he received anakinra at the dosage of 100 mg/day. Resolution of fever and decrease of CRP and NT-proBNP occurred within 12 h. Anti-IL-1 was continued for 4 weeks. Coronary angio-CT, which on the 19th day showed bulky aneurysms (diameters 0.8--0.9 cm) and multiple stenosis of all coronaries throughout their course, was definitely improved at 6 months, with the disappearance of the stenosis and persistence of slight dilatation only in the proximal portion of the main vessels.

In 2018, Kone-Paut et al. \[[@CR25]\] described the largest case series to date, reporting on 11 patients (eight males and three females), with an average age of 22 months (range 4 months--9 years), followed in seven European centers, affected by resistant KD, all successfully treated with anti-IL-1.

Nine of them had a complete form and two an incomplete form; two developed a KD shock syndrome and were transferred to intensive care unit. Seven patients had coronary anomalies on the first evaluation performed between the third and 12th day; three patients developed coronary artery abnormalities during the disease course; in two cases, myocarditis occurred, in one, there was evidence of valve dysfunction; only one patient had no cardiac complication. All patients had been treated with a first dose of IVIG at the standard dose of 2 g/kg and aspirin 50 mg/kg/day and had received at least a second-line treatment. In particular, three patients had received anakinra after two ineffective treatments, four patients after three ineffective treatments, two patients after four ineffective treatments, and two other patients after five ineffective therapeutic attempts. The second line of treatment was a second IVIG infusion in five patients, infliximab in three patients, and methylprednisolone boluses in three other patients. As a third-line treatment, six patients received methylprednisolone, one oral prednisone, and one IVIG. Other drugs used (single patients) were cyclosporine, methotrexate, and infliximab.

All patients received anakinra at a dosage between 2 and 8 mg/kg/day, on average 25 days after onset (range 8--87 days) and for an average period of 15 days (range 6--87 days). The main reason for the use of anakinra was persistent fever (8/11), followed by gradual dilatation of the coronary arteries (7/11), persistence of clinical (2/11) or laboratory abnormalities (6/11), and severe myocarditis with KD shock syndrome in one case. The effectiveness of anakinra was assessed in terms of resolution of fever (100% of cases), reduction of inflammation indexes (100% of cases), and reduction of the *Z* score (10/11 patients). A patient died suddenly, probably from a giant aneurysm rupture. The authors concluded by emphasizing the immediate clinical and laboratory response to anti-IL-1 (in most cases in 24 h, and in one case, within 6 days), in particular in the case with KD shock syndrome (dramatically improved after the first injection of anakinra 6 mg/kg).

In another retrospective series, involving 32 KD patients, Flinn et al. \[[@CR26]\] described a single patient with giant aneurysms, treated with several pharmacological treatments, and among them anakinra, but the authors did not specify the sequence nor the dose, nor the duration of the treatment. However, they did not report side effects.

Gamez-Gonzale et al. \[[@CR27]\] also used anakinra in two patients with KD shock syndrome refractory to IVIG, but no further details on the clinical picture and outcome were provided.

In the last year, we found three other case reports on the use of anakinra in KD refractory to standard therapy.

Lind-Hoist et al. \[[@CR28]\] reported on a 12-week-old infant with a history of vomiting for 10 days and irritability, who progressively developed respiratory distress, pericarditis, and severe dilatation of the coronary arteries (*Z* scores: LCA = 12.68 and RCA = 9). With the suspicion of atypical KD, he was treated with IVIG, with only transient clinical improvement. Assuming a refractory form of KD, infliximab was administered on the third day, followed by a second dose of IVIG and three boluses of methylprednisolone. On the 15th day, due to a considerable increase in ferritin (3349 ng/ml), triglycerides (487 mg/dl), and transaminases \[alanine aminotransferase (ALT) 457 U/l\] and the detection of hemophagocytosis in bone marrow aspiration, the diagnosis of MAS was made. The child was treated with anakinra at increasing dosages (from 5 to 10 mg/kg/day), with gradual resolution of the clinical symptoms and normalization of laboratory tests. He was discharged on the 53rd day, on oral corticosteroids, aspirin, and anakinra, which were tapered and withdrawn over a period of 6 months.

Maggio et al. \[[@CR29]\] described two siblings with parvovirus infection who subsequently developed two different clinical features of KD, one of whom was treated with anakinra. In particular, the case of interest concerns a 9-month-old girl who initially presented with fever, pharyngitis, conjunctivitis, vomiting, and diarrhea, with neutrophilic leukocytosis and severe anemia, initially attributed to parvovirus infection (positive IgM). However, on the 26th day, she developed coronary aneurysms (*Z* scores: RCA = 6 and LCA = 5.72); therefore, the diagnosis of incomplete KD was made a posteriori. The patient received IVIG without improvement; so, anakinra was started at the dosage of 4 mg/kg/day, with progressive resolution of the cardiological findings up to normalization of the *Z* score 25 days after the onset of anti-IL-1 therapy.

In the last case report, Gambacorta et al. \[[@CR30]\] described a 9-month-old boy with classic KD. He received a first dose of IVIG on day 9, with benefit, and then, after clinical deterioration, a second dose of IVIG on day 14. On day 20, since the patient developed a new febrile peak and inflammatory markers increased, methylprednisolone pulses (30 mg/kg for 3 days) were administered, obtaining again a resolution of the symptoms. On day 25, for the first time, the patient developed dilatation of the coronary arteries, with the appearance of small aneurysms involving the LCA, RCA, and the LAD. Despite a dose of infliximab (5 mg/kg) and the improved clinical conditions, the patient underwent serial echocardiograms that showed a progressive increase of the size of coronary arteries and eventually the development on day 37 of medium aneurysm of LCA (*Z* score 7.53) and giant aneurysms of RCA (*Z* score 11.49) and LAD (*Z* score 11.2). On day 40, the infant presented with a new increase of inflammatory markers, edema of the hands and feet, and low-grade fever; so, anakinra 6 mg/kg/day was administered, and was followed by progressive clinical improvement with normalization of inflammatory markers and platelet count, and gradual reduction of the size of the coronary arteries and resolution of aneurysms.

In all these cases, the authors support the efficacy of anakinra in patients with refractory KD. In particular, anakinra was effective for severe and potentially fatal complications of KD, such as MAS \[[@CR21], [@CR28]\] and Kawasaki shock syndrome \[[@CR20], [@CR25], [@CR27]\], but was also able to achieve the complete resolution of coronary dilatation and aneurysms or to prevent their worsening \[[@CR20], [@CR21], [@CR23], [@CR25], [@CR26], [@CR29], [@CR30]\]. In no case were side effects reported.

Clinical Trials {#Sec6}
---------------

The first open-label, phase IIa clinical trial (KAWAKINRA, Eudract Number: 2014-002715-41, ClinicalTrials.gov NCT02390596) on anakinra in KD was performed in France and has been recently published \[[@CR31]\].

The primary aim of the study was to determine the safety of blocking IL-1 in patients with KD unresponsive to IVIG. Sixteen patients were included, and they received subcutaneous anakinra at a starting dosage of 2 or 4 mg/kg/day (depending on age and body weight), increased to 6 mg/kg if their temperature remained \> 38 °C. Treatment duration was 14 days. The main outcome was abatement of fever; 75% of patients in the intention-to-treat group and 87.5% in the per-protocol group became afebrile within 48 h of the last escalation dose of anakinra. Disease activity measures, including physician's and parents' evaluations as well as CRP levels, improved in almost all cases. At screening, 12 out of 16 patients had a coronary *Z* score maximum of \> 2 and ten out of 16 had \> 2.5. At day 45, five out of ten and six out of 12 patients reached a *Z* score maximum of \< 2.5 and \< 2, respectively. Three patients had serious adverse events, which were resolved at the last evaluation. No severe infections occurred.

This study supports the early use of anakinra in cases refractory to IVIG, demonstrating that it is quickly effective on KD symptoms, inflammation parameters, and dilatation of the coronary arteries in most patients, with good tolerability.

The ANAKID trial (ClinicalTrials.gov NCT2179853) \[[@CR32]\], an American phase I/IIa dose-escalation study whose primary objective is to assess the safety and tolerability of anakinra in the acute phase of KD in patients not responsive to a first cycle of IVIG and aspirin, is currently underway. The secondary objective of the trial is to evaluate the pharmacokinetics of the drug.

Eligibility criteria are the following: American Heart Association criteria for KD, age \> 1 month, and *Z* score ≥ 3 within 20 days of onset. The treatment schedule consists of at least 2 weeks of therapy, with the first two doses administered intravenously (4 mg/kg/day). Patients with a *Z* score ≥ 2.5 or an aneurysm after 2 weeks will complete 6 weeks of therapy. We are awaiting conclusion of the study and publication of full results.

Another study (ANACOMP, a randomized, phase III, multicenter trial comparing the efficacy and safety of anakinra versus IVIG retreatment in patients with KD who failed to respond to initial standard IVIG treatment) has been planned and approved, and will start soon in France.

Conclusion {#Sec7}
==========

To date, guidelines for the treatment of KD resistant cases are not based on strong evidence, and sometimes a second infusion of IVIG is used in clinical practice. However, this strategy has not yet been proven to be effective in a prospective controlled trial, and new treatments are now available. Of note, a new disorder possibly linked to SARS-CoV-2 infection has been described both in Europe and in the USA; it has been termed pediatric multi-inflammatory syndrome temporally associated with COVID-19 (PIMS-TS) or multisystem inflammatory syndrome associated with coronavirus disease 2019 (MIS-C). This condition shares features with KD, i.e., fever, rash, and mucositis, but also has several differences, such as older age at onset and a high prevalence of myocarditis and gastrointestinal involvement. Case series have been published. Also, on the basis of previous experience in adults with COVID-19 \[[@CR33]\] anakinra has been used in resistant cases \[[@CR34], [@CR35]\] even though a lack of controlled trials in this setting does not allow firm conclusions yet.

In this review, we have summarized the preclinical studies related to IL-1 involvement in the pathogenesis of KD and the clinical experience regarding anakinra treatment for this disorder published so far. The clinical cases described show that anakinra has been used in most cases after at least two ineffective treatments, in cases of coronary aneurysms already at diagnosis, and in cases of major complications of KD such as MAS or KD shock syndrome, without relevant side effects. With regard to cost, in Italy, using a mere economic comparison, the cost of a second IVIG dose for refractory patients as a therapeutic alternative to a 4-week cycle of anakinra is more expensive, up to 80% more (counting only drug costs).

While awaiting the results of the trials currently finished and of those which are ongoing or planned, we acknowledge the possible role of anakinra for KD patients who do not respond to a first IVIG infusion.
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